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millimeters (mm); by an average spring rate of 
about 13 Newtons/meter (N/m) or greater in a 
range of motion between a relaxed diameter and 
a compressive elastic deformation diameter; or 
by a radial force over the range of motion of about 
0.1 N or greater. Typically, the anchor can be 
adapted to be retained within a subject's intestine, 
more typically in the duodenum, or particularly 
in the duodenal bulb just distal to the pylorus. 
A gastrointestinal implant device includes the 
collapsible gastrointestinal anchor and a floppy 
sleeve. The sleeve is open at both ends and 
adapted to extend into a subject's intestine, the 
anchor being coupled to a proximal portion of the 
sleeve. Also include are methods of implanting 
the gastrointestinal implant device in a subject, 
and methods of treating a subject for disease. The 
disclosed gastrointestinal invention leads to an 
improved ability to secure anchors and devices in 
the gastrointestinal tract while tending to minimize 
migration. 
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GASTROINTESTINAL ANCHOR COMPLIANCE 

RELATED APPLICATIONS 

This application is a continuation of U.S. Application No. 1 1/147,992, filed on 
June 8, 2005. The entire teachings of the above application are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

According to the Center for Disease Control (CDC), over sixty percent of the 
United States population is overweight, and almost twenty percent are obese, 
presenting an overwhelming health problem. Moreover, obesity-related conditions 
5 cause as many as 280,000 deaths per year, generate $51 billion in annual US 

healthcare costs, and cause Americans to spend $33 billion per year on weight loss 
products. For example, one of the principle costs to the healthcare system stems 
from the co-morbidities associated with obesity. Type-2 diabetes has climbed to 
7.3% of the population. Of those persons with Type-2. diabetes, almost half are 
1 0 clinically obese, and two thirds are' approaching obese. Other co-morbidities include 
hypertension, coronary artery disease, hypercholesteremia, sleep apnea and 
pulmonary hypertension. 

Two common surgical procedures that produce long-term weight loss are the 
Roux-en-Y gastric bypass and the biliopancreatic diversion with duodenal switch 
1 5 (BPD). Both procedures reduce the size of the stomach and shorten the effective- 
length of intestine available for digestion and nutrient absorption. However, these 
are. surgical procedures with significant side effects, and thus they are reserved for 
the most morbidly obese. 

Other devices to reduce absorption in the small intestines have been 
20 proposed (See U.S. Patent Number 5,820,584 (Crabb), U.S. Patent Number 
5,306,300 (Berry) and U.S. Patent Number 4,315,509 (Smit)). However, these 
devices are yet to be successfully implemented. 
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Examples of gastrointestinal sleeves have been described for treating obesity 
while minimizing the risks of surgery (See, for example, Meade et al, U.S. Utility 
Application Ser. No. 10/858,851, filed June 1, 2004; the entire teachings of which 
are incoiporated herein by reference). Further improvements are desired to more 
5 fully realize the advantages which can be provided by gastrointestinal sleeves in 
treating obesity. 



SUMMARY OF THE INVENTION 

There is still a need for improved anchors to secure gastrointestinal sleeves 

10 in the gastrointestinal tract. Moreover, there is a need for gastrointestinal implant 
devices with improved anchors, and methods of treatment therewith. 

The invention is a collapsible gastrointestinal anchor. Typically, the anchor 
can be adapted to be retained within the intestine of a subject, more typically within 
the duodenum, or particularly in the duodenal bulb just distal to the pylorus. 

1 5 A gastrointestinal implant device includes the collapsible gastrointestinal 

anchor and a floppy sleeve. The sleeve is open at both ends and adapted to extend 
into the intestine of a subject distal to the anchor, the anchor being coupled to a 
proximal portion of the sleeve. Typically, the sleeve can be adapted to extend into 
the duodenum, or in some embodiments into the jejunum. 

20 In various embodiments, the anchor is characterized by a radial force of 

about 0.1 Newtons (N) or greater at a compressed diameter of 25 millimeters (mm). 
Typically, the radial force at 25 mm compression can be about 0.3 N or greater, 
more typically about 0.4 N or greater, or particularly between about 0.5 N and about 
1.5 N. 

25 In various embodiments, the anchor is characterized by an average spring 

rate of about 13 Newtons/meter (N/m) or greater in a range of motion, the range of 
motion being within a diameter range defined by a relaxed diameter and a 
compressive elastic deformation diameter. More particularly, the average value of 
the spring rate is between about 15 N/m and about 35 N/m. In some embodiments, 

30 the spring rate is substantially constant over the range of motion, or in other words, 
the force versus displacement data is substantially linear over the range of motion. 
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In various embodiments, the anchor is characterized by a radial force over 
the range of motion of about 0.1 N or greater, typically, about 0.2 N or greater, more 
typically, about 0.3 N or greater, or particularly about 0.4 N or greater. The 
maximum radial force of the anchor is about 1 N or less over a range of motion of 
5 about 20 mm or greater, the range of motion being between a relaxed diameter and a 
compressive elastic deformation diameter. 

In some embodiments, the range of motion can be about 20 mm or greater, 
more typically about 30 mm or greater, or particularly about 35 mm or greater. In 
some embodiments, the range of motion can be a percentage of the relaxed diameter 

10 of the anchor of about 30% or greater. 

In various embodiments, the anchor is characterized by a relaxed diameter. 
Generally, the relaxed diameter can be about 40 mm or greater, typically, about 45 
mm or greater, or more typically, between about 45 mm and about 65 mm. In 
particular embodiments, the relaxed diameter can be about 50 mm or about 60 mm. 

15 In various embodiments, the anchor can be characterized by the radial force 

being about 0.4 N or less at a diameter of 55 mm, typically at a diameter of 50 mm, 
more typically at a diameter of 45 mm, or particularly at a diameter of 40 mm. In 
various embodiments, the anchor can be characterized by the radial force being 
about 0.3 N or less at a diameter of 55 mm, typically at a diameter of 50 mm, more 

20 typically at a diameter of 45 mm, or particularly at a diameter of 40 mm. In various 
embodiments, the anchor can be characterized by the radial force being about 0.2 N 
or less at a diameter of 55 mm, typically at a diameter of 50 mm, more typically at a 
diameter of 45 mm, or particularly at a diameter of 40 mm. 

Anchors exhibiting hysteresis can have two radial force values for a given 

25 anchor diameter, one measured during the loading (compression) and one measured 
during unloading (expansion). Generally, the characterizing of radial force values 
(the radial force at 25 mm, radial force over the range of motion, spring rate) can be 
met in either loading or unloading. However, it is preferred that such values be met 
while loading the anchor from a compressed state. Preferably, the radial force falls 

30 above a minimum radial force of about .1 N during unloading and below a 
maximum radial force of 1 N during loading, both at a diameter of 25 mm. 
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The anchor can be characterized by a compressive elastic deformation 
diameter which can be expressed in absolute or relative terms. In various 
embodiments, the compressive elastic deformation diameter is about 12 mm or less, 
or particularly about 8 mm or less. In various embodiments, the compressive elastic 
5 deformation diameter is a percentage of the relaxed diameter of about 30% or less, 
more typically about 20% or less. 

In various embodiments, the anchor can be in the form of a ring, a stent 
formed by a network of struts, or a wave spring. Typically, the anchor can be a wave 
spring. The anchor can be made of any elastic material which can be formed into an 
10 anchor with the disclosed characteristics. For example, the anchor can be made of a 
material such as heat-treated spring steel, stainless steel, Nitinol, nickel-cobalt- 
chromium-molybdenum alloy, a polymer, a composite, or the like. Typically, the 
anchor can be made of Nitinol wire. 

La various embodiments, the anchor includes attaching means adapted to 
1 5 secure the anchor to the intestine. The attaching means can include an interference 
fit, chemical fasteners, mechanical fasteners, or the like. Mechanical fasteners can 
include, for example, sutures, surgical staples, barbs, or the like. In various 
embodiments, the anchor includes barbs that extend from the exterior surface of the 
anchor. In particular embodiments, the barbs extend from the surface exterior 
20 surface of the anchor by about 2 mm or greater. In various embodiments, the method 
includes securing the proximal portion of the sleeve through the intestine in the 
subject with the barbs. 

A method of treating a subject includes the steps of securing the 
gastrointestinal implant device within a subject's intestine and extending a distal end 
25 of the sleeve through the subject's intestine. In various embodiments, the subject 
can be treated for a disease such as obesity or Type-II diabetes. 

A method of implanting the gastrointestinal implant device includes 
introducing the gastrointestinal implant device into a subject's intestine, the anchor 
being compressed, and expanding the compressed anchor to secure the 
30 gastrointestinal implant device within the subject's intestine. In particular 

embodiments of the method, the anchor is compressed to about 12 mm in diameter, 
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the anchor being characterized by a compressive elastic deformation diameter of less 
than the compressed diameter. 

In various embodiments, the gastrointestinal implant device employed in the 
method of treatment can independently include any of the features disclosed herein 
5 for the gastrointestinal implant device or the anchor. Moreover, each method of 
treatment or implantation can include steps of operating the various features of the 
gastrointestinal implant device. 

Particular embodiments are contemplated corresponding to each possible 
independent combination of the values, ranges, and features described herein for the 
10 gastrointestinal anchor, the gastrointestinal implant device, and the methods. 

For example, in particular embodiments, a collapsible gastrointestinal anchor 
includes a wave spring having a plurality of barbs extending therefrom. Also in 
particular embodiments, a gastrointestinal implant device includes a flexible sleeve, 
open at both ends and adapted to extend into a subject's intestine, and a collapsible 
1 5 gastrointestinal anchor coupled to a proximal portion of the sleeve, the anchor 
comprising a wave spring having a plurality of barbs extending therefrom. The 
flexible sleeve is at least twelve inches in length, and can be as long as five feet in 
length. 

In particular embodiments, a method of treating a subject includes the steps 
20 of securing the gastrointestinal implant device within the subject's intestine and 
extending the distal end of the sleeve into the subject's intestine. The wave spring 
for each embodiment in this paragraph is characterized by a relaxed diameter of 
about 40 millimeters (mm) or greater; a compressive elastic deformation diameter of 
about 12 mm or less; an average spring rate of about 13 Newtons/meter (N/m) or 
25 greater over a range of motion of about 20 mm or greater, the range of motion being 
within a diameter range defined by the relaxed diameter and the compressive elastic 
deformation diameter; and a radial force under compression, the radial force being 
about 0.3 Newtons (N) or greater at a diameter of 25 mm, and the radial force being 
about 0.2 N or greater over the range of motion. 
30 The disclosed gastrointestinal invention leads to an improved ability to 

secure anchors and devices in the gastrointestinal tract while tending to minimize 
migration. The force exerted on the gastrointestinal tract is generally sufficient to 
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hold the anchors and devices in place without damaging the gastrointestinal tissue. 
Moreover, because the spring rate of the anchors is compliant over the range of 
motion, the anchors can apply sufficient force over a range of gastrointestinal tract 
diameters, which leads to better retention of the anchors. Also, the radial force and 
5 spring rate are such that the radial force decreases as the diameter increases and the 
anchor does not tend to cause the intestine to expand or grow beyond its normal 
range. Further, the anchor deforms elastically within its operating range which eases 
compression for implantation via catheter delivery devices, and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 The foregoing and other objects, features and advantages of the invention 

will be apparent from the following more particular description of preferred 
embodiments of the invention, as illustrated in the accompanying drawings in which 
like reference characters refer to the same parts throughout the different views. The 
drawings are not necessarily to scale, emphasis instead being placed upon 

1 5 illustrating the principles of the invention. 



FIG. 1 A is a sectional view of a portion of a digestive tract in a body; 

FIG. IB is a drawing of a digestive tract with a gastrointestinal implant device 201 

(including gastrointestinal anchor 200 and floppy sleeve 202) implanted in a 
20 subject; 

FIG 1C is a graph of force versus displacement data for various anchor devices 

during loading (compression); 
FIGs. 2A and 2B show anchor 200 in axial and perspective views at a relaxed 

diameter 25; 

25 FIGs. 2C and 2D show anchor 200 in axial and perspective views at a compressed 
diameter 26; 

FIGs 3 A and 3B are graphs of exemplary compliance curves for various 50 mm 
(FIG 3 A) and 60 mm (FIG 3B) anchors of the invention during loading 
(compression); 
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FIG 4A is a plot of anchor diameter, measured from X-ray images of the implanted 
anchors, versus days post operation for 50 mm and 60 mm anchors 
implanted in pigs; 

FIG 4B is a hysteresis plot of a 50 mm diameter by 0.023 inch thick Nitinol wave 
5 anchor. ■ 

FIG 4C is a hysteresis plot of another 50 mm diameter by 0.023 inch thick Nitinol 
wave anchor. 

FIG 4D is a hysteresis plot of a 60 mm diameter by 0.016 inch thick Nitinol wave 
anchor. 

1 0 FIG 5 A is a perspective view of a collapsible self-expanding wave anchor coupled to 
the proximal portion of a sleeve to form a gastrointestinal implant device; 
FIG 5B is a detail drawing of the wave anchor of FIG 5 A; 
FIG 6 is a perspective view of a collapsible self-expanding stent anchor coupled to 
the proximal portion of a sleeve to form a gastrointestinal implant device, the 
1 5 stent comprising barbs. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 A is a sectional view of a portion of a digestive tract in a body, which 
will be referred to in the description of preferred embodiments of the invention in 
subsequent sections. 

20 Food to be digested enters the stomach 1 02 through the cardiac orifice 1 10 

from the esophagus. Chyme, a semi-fluid, homogeneous creamy or gruel-like 
material produced by gastric digestion in the stomach exits the stomach through the 
pyloric orifice (pylorus) 108 and enters the small intestine 1 12. The pylorus 108 is a 
distal aperture of the stomach 102 surrounded by a strong band of circular muscle. 

25 The small intestine, about nine feet in length, is a convoluted tube, extending from 
the pylorus 108 to the ileo-caecal valve where it terminates in the large intestine. 
The small intestine has three sections, the duodenum 104, jejunum 106 and the 
ileum (not shown). The first eight to ten inch section of the small intestine 1 12, the 
duodenum 104, is the shortest, widest and most fixed part of the small intestine 1 12. 

30 The duodenum 104 has four sections: superior, descending, transverse and 

ascending which typically form a U-shape. The superior section is about two inches 
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long and ends at the neck of the gall bladder. The superior section also defines a 
feature referred to as the duodenal bulb 1 19 that begins just distal to the pylorus 108 
and extends for about 1 to 1.5 inches (25 to 40 mm) in an adult human. The 
duodenal bulb 1 19 defines a lumen therein that is slightly larger than the distal 
5 duodenum 104. Advantageously, the duodenal bulb 119 exhibits less motion than 
the pylorus 108 and even distal portions of the duodenum 104. Notably, the motion 
is substantially limited to contractions without having a significant linear component 
(i.e., no movement along the central axis of the intestine). However, the tissue thins 
as one moves away from the pylorus 108. 
10 The descending section of the duodenum 104 is about three to four inches 

long and includes a nipple shaped structure (papilla of Vater) 1 14 through which 
pancreatic juice from the pancreas and bile produced by the liver and stored by the 
gall bladder enter the duodenum from the pancreatic and bile ducts. The pancreatic 
juice contains enzymes essential to protein digestion and bile dissolves the products 
15 of fat digestion. The ascending section is about two inches long and forms the 

duodenal-jejunal flexure 1 16 where it joins the jejunum 106, the next section of the 
small intestine. The duodenal-jejunal flexure 1 16 is fixed to the ligament of Treitz 
118 (musculus supensionus duodeni). The juices secreted in the duodenum break 
the partially digested food down into particles small enough to be absorbed by the 
20 body. In normal adults, the duodenum operates at a nominal relaxed interior 

diameter of about 25 mm (1 inch), and can maximally expand to about 40-50 mm 
(about 1.5-2 inches). The digestive system is described in Gray's Anatomy 
("Anatomy of the Human Body," by Henry Gray) and "Human Physiology," 
Vander, 3 rd ed, McGraw Hill, 1980, the contents of which are incorporated herein by 
25 reference in their entirety. 

FIG. IB is a drawing of a digestive tract with a gastrointestinal implant 
device 201 (including gastrointestinal anchor 200 and floppy sleeve 202) implanted 
in a subject. When implanted, the central axis of the anchor 200 can be substantially 
aligned with the central axis of the duodenum 104, which can allow chyme to pass 
30 through the device 201. The sleeve 202 can extend over the ligament of Treitz 118 
beyond the proximal jejunum 106. Extending the sleeve 202 below the ligament of 
Treitz 1 18 can reduce the likelihood that the sleeve 202 will move back through the 
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duodenum 104 toward the stomach 102. The sleeve length 202 is selectable and can 
range from about twelve inches to about five feet. 

After the gastrointestinal implant device 200 has been placed in the body and 
anchored in the duodenum 104, chyme leaving the stomach can pass through sleeve 
5 202 and bypasses the duodenum 104 and proximal jejunum 106. By directing the 
chyme through the sleeve 202 the digestion and the absorption process in the 
duodenum 104 can be interrupted. By interrupting mixing of the chyme with juices 
in the duodenum 104, partially digested food material is typically not broken down 
into particles small enough to be absorbed by the body. Further, there is typically no 
1 0 mixing of bile with the chyme until the chyme reaches the jejunum 1 06. The 

absorption of fats and carbohydrates can be reduced by delaying the mixing of bile 
with the chyme. 

The sleeve 202 can provide weight loss mechanisms by providing negative 
feedback, reduced fat digestion and reduced desire for food. The reduced fat 

1 5 digestion can occur because the sleeve 202 can delay the mixing of bile and 
pancreatic juices with chyme from the stomach until after the chyme leaves the 
sleeve 202. The reduced desire for food may occur because the sleeve 202 blocks 
hormonal release from the duodenum 104. Additionally, providing poorly digested 
food to distal portions of the intestine, such as to the ileum, can trigger hormones 

20 that reduce appetite. 

The sleeve 202 can drape away from the intestinal walls thereby permitting 
the pancreatic juice to flow unimpeded into the duodenum 104 through the papilla of 
Vater 114. The normal peristalsis of the bowel can be used to propel the chyme, 
bile, and pancreatic juices through the intestines. 

25 FIG 1C is a graph of force versus displacement data for various anchor 

devices during loading (compression). Table 1 (below) shows the results. These 
mesh and laser cut stents have been used as stents for esophageal tumors. Stents cut 
from Nitinol tubing ("Laser cut 1" and "Laser cut 2") have a range of motion of 
about 0.45 inches (about 1 1 mm), and a maximum relaxed diameter of about 0.8 

30 inches (about 20 mm). Another example, "Mesh stent" has a range of motion of 
about 0.3 inches (about 8 mm) and a maximum relaxed diameter of about 0.7 inches 
(about 1 8 mm). Made for esophageal tumors, these values are not sufficient to 
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anchor the nominal relaxed interior diameter of the adult duodenum, which is about 
25 mm, nor its normal range of motion, which is about 25 to 40 mm. 

Wave anchors were presented by applicants for the purpose of anchoring a 
sleeve in the intestine. Two wave anchors ("Wave .014" and "Wave ,016") have 
5 ranges of motion of about 1 inch (about 25 mm) and relaxed diameters of about 1 .5 
inches (about 38 mm), and can thus begin to address the diameter and range of 
motion of the intestine. Their spring rates are 0.0438 pounds/inch and 0.0722 
pounds/inch (about 7.7 N/m and 12.6 N/m, respectively) and the force exerted by 
each (during loading) at 1 inch (25 mm), the nominal relaxed diameter of the 

10 duodenum, is 0.05 pounds and 0.04 pounds (about 0.2 N/m and about 0.16 N/m, 
respectively). (Force measurements have been made in pounds force. Conversion 
to metric units includes pounds force * 4.448 = Newtons force; pounds force/inch * 
175.1 = Newtons/meter; 1 inch = 25.4 mm) Moreover, while there is at present no 
known upper limit for radial force and spring rate in the intestine, it is believed that 

1 5 these lower radial forces, lower spring rates, and longer ranges of motion of these 
wave springs can allow for more natural motion in the intestine compared with the 
anchors in the preceding paragraph. It is believed that allowing the anchor to follow 
the natural motion of the intestine may provide more secure anchoring, may allow 
for better digestive system function and may tend to avoid subject discomfort. Thus, 

20 these wave spring anchors are believed to be superior to the anchors in the preceding 
paragraph. However, in experiments it was noted that these anchors tended to 
migrate in the duodenum. 



25 



Table 1. Test Results 





Mesh-type 
Stent ' 


Wave- 
0.014 


Wave- 
0.016 


Laser-cut 1 


Laser-cut 2 


Spring Rate 
(lbs./inch): 


1.714 


0.0438 


0.0722 


0.168 Gong) 
0.240 (short) 


0.253 


Approx. Range 
(inches): 


0.3 


1.0 


1.0 


0.5 


0.35 



In contrast to the wave anchors above, multiple anchor characteristics have 
now been determined which lead to an improved ability to secure the anchor in the 
intestine. For example, an anchor should exert sufficient radial force against 
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duodenum 104 to secure it in place, e.g., sufficient force to engage barbs on the 
anchor. Moreover, as the intestine naturally expands and contracts as a result of 
peristalsis, gas pressure, chyme movement, and the like, the anchor should be able to 
provide this sufficient force over the range of motion and diameter of the intestine. 
5 At the same time, it is believed that the radial force should have a sufficient spring 
rate so the radial force decreases as the diameter increases and the anchor does not 
tend to cause the intestine to expand or grow beyond its normal range. Also, the 
anchor should be reversibly collapsible for ease of implantation and removal; thus, 
any compressive elastic deformation diameter should be below the collapsed 

1 0 diameter employed for implantation. 

It is believed that the stiffness of the anchor, or its compliance, can determine 
the ability of the device to both seal against the tissue, and also to maintain any 
attaching means, e.g., barbs engaged in the tissue. Both are important attributes to 
the function of the anchor. Also, the anchor should be sufficiently elastic to permit 

15 loading and delivery in a small capsule (max OD of 16 mm, practical ID of 12 mm) 
for implantation, followed by full expansion into the intestine. The diameter of the 
device should also be able to accommodate the full natural dilation of the tissue 
which we believe to be around 40-50 mm in the human. 

If the compliance of the anchor is too high (too soft), the anchor may 

20 separate from the tissue and cause leaks and also migrations. If the anchor 

compliance is too low (too stiff), it may cause more irritation to the tissue, but more 
importantly, it will require a larger capsule for delivery to avoid compressing 
beyond its elastic deformation diameter. Anchors made to expand to 60 mm 
diameter from .016" diameter Nitinol wire were found to be insufficiently stiff to 

25 prevent migration. 50 mm anchors made from wire of .018" diameter did not test 
well on bench testing of anchoring strength. The bench testing consists of loading 
the anchor with a sleeve attached into a 25 mm ID synthetic model of the intestine 
(The Chamberlain Group, Great Barrington, MA). The distal end of the sleeve is 
pulled. If the barbs disengage from the model, the device is deemed to be too soft. 

30 If the model tears, the device is sufficiently stiff. 

FIGs. 2A and 2B show disclosed anchor 200 in axial and perspective views 
at a relaxed diameter 25, without compression. FIGs. 2C and 2D show anchor 200 



WO 2006/133311 



PCT/US2006/022168 



-12- 

in axial and perspective views at a compressed diameter 26. In FIG 2A, anchor 200 
defines a lumen 21, having a central axis 22. Applying a radial compression force in 
direction 23 collapses anchor 200 towards central axis 22 of lumen 21. Radial 
compression of the anchor is opposed by a restoring spring force that opposes 
5 compression in an outward radial direction 24 extending from central axis 22. This 
force should be sufficient to secure anchor 200 in place against duodenum 104. For 
example, in FIG 1C, the radial force at 25 mm of the two wave springs are about 
0.05 pounds (0.2 N) or less, and in FIG 3B, the radial force at 25 mm of the lowest 
curve is about 0.065 lbs (less than 0.3 N). Because these three examples exhibited 

10 migration, it is desirable in various embodiments that the anchor is characterized by 
a radial force of about 0.3 Newtons (N) or greater at a compressed diameter of 25 
millimeters (mm). Typically, the radial force at 25 mm compression can be about 
0.4 N or greater, or particularly between about 0.5 N and about 1.5 N. 

Moreover, the anchor should be able to provide sufficient force over the 

1 5 range of motion of the intestine. In various examples (as will be explained in greater 
detail below for FIGs 3A, 3B, and 4), it was determined that the nominal 
postoperative diameter tended to fall in a range where the loading radial force of the 
anchors at the top of the postoperative diameter range was between about 0.05 and 
about 0.1 pounds (from FIG 3 A and 3B; about 0.2N and about 0.4 N). It is believed 

20 that this radial force range at these diameters is thus associated in pigs with a long- 
term steady state expansion value. It is desirable to provide at least these forces over 
the range of motion, but not to exceed these forces at the expanded diameter to avoid 
over expansion of the gastrointestinal tract at the location of the anchor. Thus, in 
various embodiments, anchor 200 is characterized by a radial force over the range of 

25 motion of about 0.2 N or greater, more typically, about 0.3 N or greater, or 
particularly about 0.4 N or greater. 

The range of motion is located between the relaxed diameter of the anchor 
and a compressive elastic deformation diameter of the anchor. In various 
embodiments, the range of motion can occupy the entire distance between the 

30 relaxed diameter and the compressive elastic deformation limit, or the range of 
motion can occupy a subrange between the relaxed diameter and the compressive 
elastic deformation limit. The range of motion should be large enough to 
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accommodate the natural range of motion of the intestine. Thus, in some 
embodiments, the range of motion can be about 20 mm or greater, more typically 
about 30 mm or greater, or particularly about 35 mm or greater. In some 
embodiments, the range of motion can be a percentage of the relaxed diameter of the 
5 anchor of about 30% or greater. 

In various embodiments, the anchor is characterized by a relaxed diameter 
25. As used herein, the "relaxed diameter" is the natural or equilibrium diameter of 
the anchor when the anchor is free of any external force. The relaxed diameter 
should be large enough to accommodate the natural range of diameter in the 

10 subject's intestine. Otherwise, if the intestine expanded beyond the relaxed 

diameter, the barbs or other attaching means could pull loose, allowing the anchor to 
migrate. Generally, the relaxed diameter can be about 40 mm or greater, typically, 
about 45 mm or greater, or more typically, between about 45 mm and about 65 mm. 
hi particular embodiments, the relaxed diameter can be about 50 mm or about 60 

15 mm. 

As used herein, the "compressive elastic deformation diameter" is the limit 
of diameter compression below which the anchor deforms and will not return to its 
original relaxed diameter or original relaxed shape. The compressive elastic 
deformation diameter can be characterized in absolute or relative terms. Thus, in 

20 various embodiments, the compressive elastic deformation diameter is about 12 mm 
or less, or particularly about 8 mm or less. In various embodiments, the compressive 
elastic deformation diameter is a percentage of the relaxed diameter of about 30% or 
less, more typically about 20% or less. 

In various embodiments, anchor 200 can be characterized by an average 

25 spring rate over the range of motion. For example, in FIG 2A, anchor 200 is 

compressed from a relaxed diameter 25 to a compressed diameter 26, and the radial 
restoring force 24 can be divided by the difference between relaxed diameter 25 and 
compressed diameter 26 to give a spring rate. Thus, , for an anchor with a relaxed 
diameter of 60 mm and a force of 0.4 N at a compressed diameter of 25 mm can be 

30 calculated to have a spring rate of 0,4/(60-25) = 13 N/m. Also, the average spring 
rate can also be calculated by recording compression force versus compression 
distance data and performing standard least squares analysis to obtain the average 
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value of the force/distance slope, corresponding to the spring rate (N/m). Thus, in 
various embodiments, the anchor is characterized by an average spring rate of about 
13 Newtons/meter (N/m) or greater in a range of motion, the range of motion being 
within a diameter range defined by a relaxed diameter and a compressive elastic 
5 , deformation diameter. More particularly, the average value of the spring rate is 
between about 15 N/m and about 35 N/m. 

Anchors up to 60 mm diameter have been fabricated from .023" Nitinol wire. 
The curves in FIGs 3 A and 3B show the compliance of various anchors. The wire 
diameter of the anchor can be adjusted to provide the desired force. Typically, 

10 shorter anchors use thinner wires. For example, a 19 mm long anchor was made 
from 0.016" diameter wire to provide the same compliance as the 32 mm long 
anchors shown in FIGs 3 A and 3B. As the diameter of the wire becomes larger, the 
compressive elastic deformation diameter increases, so thicker wire can limit the 
ability of the anchor to pack into a 12 mm capsule for delivery without deformation. 

1 5 The curves in FIGs 3 A and 3B were measured on bare anchors. When covered with 
sleeve material, the curves move up slightly (become staffer). However, over time, 
the sleeve material softens so it is believed to have a minimal effect on compliance. 

FIG 3 A shows curves during loading (compression)for two disclosed wave 
anchors having relaxed diameters of 50 mm. The lower curve has a radial force at 

20 25 mm compression of about 0.1 pounds (about 0.4 N), a radial force at 40 mm of 
about 0.05 pounds (about 0.2 N), and a substantially linear spring rate of about 18.5 
N/m over a range of motion of almost 35 mm. The upper curve has a radial force at 
25 mm compression of about 0.2 pounds (about 0.8 N), a radial force at 45 mm of 
about 0.06 pounds (about 0.24 N), and a substantially linear spring rate of about 32 

25 N/m over a range of motion of almost 35 mm. Another anchor (curve not shown) 
was constructed with a radial force at 25 mm compression of about 0.18 pounds 
(about 0.8 N) and other characteristics similar to the upper curve. Upon 
implantation into pigs, it was found that these 50 mm anchors were secure and did 
not migrate. 

30 FIG 4 is a plot of anchor diameter, measured from X-ray images of the 

implanted anchors, versus days after implantation for 50 mm and 60 mm anchors 
implanted in pigs. FIG 4 shows that the diameter of the 50 mm anchors in pigs 
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tended towards a range of 30 to 40 mm. Thus, these anchors were able to 
accommodate the range of motion in the intestine within their 50 mm relaxed 
diameters. 

FIG 3B shows curves during loading (compression) for three wave anchors 
5 having relaxed diameters of 60 mm. The lower curve has a radial force at 25 mm 
compression of less than 0.07 pounds (less than 0.3 N), a radial force at 40 mm of 
less than 0.05 pounds (about 0.2 N), and a substantially linear spring rate of about 10 
N/m over a range of motion of almost 45 mm. The middle curve has a radial force 
at 25 mm compression of about 0.14 pounds (about 0.6 N), a radial force at 50 mm 

10 of about 0.05 pounds (about 0.2 N), and a substantially linear spring rate of about 18 
N/m over a range of motion of almost 45 mm. The upper curve has a radial force at 
25 mm compression of about 0.25 pounds (about 1.1 N), a radial force at 55 mm of 
about 0.05 pounds (about 0.2 N), and a substantially linear spring rate of about 30 
N/m over a range of motion of almost 45 mm. Upon implantation into pigs, it was 

1 5 found that these 60 mm anchors were effective, though only the anchors represented 
by the middle and upper curves were secure and did not migrate. 

FIG 4A shows that the diameter of two of the 60 mm anchors when 
implanted in pigs (measured from X-ray images of the implanted anchors) tended 
towards a range of 40 to 50 mm. Thus, these anchors were able to accommodate the 

20 range of motion in the intestine within their 60 mm relaxed diameters. 

It can be seen in FIG 4 that for the 50 mm and 60 mm anchors that were 
followed by X-ray, the nominal postoperative diameter tended to fall in a range 
where the radial force of the anchors at the top end of the respective ranges was 
between about 0.05 and about 0.1 pounds (from FIG 3A and 3B; about 0.2N and 

25 about 0.4 N). For example, for the 50 mm anchors, the nominal postoperative 

diameter was about 30 to about 40 mm and the radial force of the anchors at 40 mm 
was between about 0.05 and about 0. 1 pounds (from FIG 3A; about 0.2N and about 
0.4 N). For the 60 mm anchors, the nominal postoperative diameter was about 40 to 
about 50 mm and the radial force of the anchors at 50 mm was between about 0.05 

30 and about 0. 1 pounds (from FIG 3B; about 0.2N and about 0.4 N). It is believed that 
this radial force range at these diameters is thus associated in pigs with a long-term 
steady state expansion value. It is desirable to not exceed these forces at the 
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expanded diameter to avoid over expansion of the gastrointestinal tract at the 
location of the anchor. 

Thus, in various embodiments, the anchor can be characterized by the radial 
force being about 0.4 N or less at a diameter of 55 mm, typically at a diameter of 50 

j mm, more typically at a diameter of 45 mm, or particularly at a diameter of 40 mm. 
In various embodiments, the anchor can be characterized by the radial force being 
about 03 N or less at a diameter of 55 mm, typically at a diameter of 50 mm, more 
typically at a diameter of 45 mm, or particularly at a diameter of 40 mm. In various 
embodiments, the anchoi can be characterized by the radial force being about 0.2 N 

10 or less at a diameter of 55 mm, typically at a diameter of 50 mm, more typically at a 
diameter of 45 mm, or particularly at a diameter of 40 mm. 

FIGs 4B, 4C, and 4D show hysteresis curves of the anchors. It is believed 
that hysteresis can be beneficial. It is hypothesized that during peristalsis, 
contraction of the intestine tends to cause the implant to migrate. However, the 

1 5 contraction also causes loading of the anchor and a resultant larger force on the 
hysteresis curve. That force is sufficient to keep the anchor with the barbs in place 
without migration. When the intestine relaxes or unloads, however, the radial force 
of the anchor reduces, thus minimizing or eliminating dilation of the surrounding 
tissue and minimizing tissue damage. 

20 The top portion of each curve represents the radial force values recorded 

during compression from the relaxed diameter (also known as loading), and the 
bottom portion represents the radial force measured during expansion (also known 
as unloading.) FIGs 4B and 4D show hysteresis curves of anchors that have the 
adequate force range to resist migration of the implant. It can be seen, for example, 

25 that the radial force value at 25 mm for the same spring can be about 0.08 to about 
0.2 pounds (FIG 4B, about 0.4 N to about .9 N) and about 0.06 to about 0.16 pounds 
(FIG 4D, 0.3 to about 0.7 N). The radial force difference at a diameter of 25 mm, 
therefore, is about .1 pounds (about .4 N). 

FIG.4C shows the hysteresis curve of an anchor which is too soft to resist 

30 migration. At 25 mm, the spring is about 0.02 to about 0.06 pounds (FIG 4C, 0.09 to 
about 0.3 N) These forces may not be adequate to resist migration during peristalsis 
and may cause the barbs to disengage from the surrounding tissue. 
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It is believed that the important force at any condition is the minimum force. 
Thus, in some embodiments, the radial force measured at 25 mm is about 0.1 N or 
greater. In some embodiments, the radial force is at least about 0. 1 N over a range 
of motion of about 20 mm, the range of motion being between the relaxed diameter 
5 and the compressive elastic deformation diameter. 

The preceding examples were performed on pigs sized to have intestines 
approximately representative of intestines in adult humans. Thus, it is believed that 
one of ordinary skill in the art can use or adapt the values of the characteristics 
described herein for use in human subjects, taking into account the size and medical 
10 history of a particular subject, and if necessary, evaluating the results in the subject 
in light of the examples and values disclosed herein. 

In various embodiments, the anchor can be in the form of a ring, a stent 
formed by a network of struts, or a wave spring. Typically the anchor can be a wave 
spring. 

1 5 FIG. 5 A is a perspective view of a gastrointestinal implant device 500 for 

implantation in the duodenum 104. A collapsible self-expanding wave spring 502 
(an embodiment of anchor 200 in FIGs 2A-2D) is coupled to a proximal portion of a 
sleeve 504. 

FIG. 5B is a detailed drawing of the wave anchor 502, which includes a 
20 compliant, radial spring 506 shaped into an annular wave pattern about a central axis 
508, providing an outward radial force, while allowing substantial flexure about its 
perimeter. Such flexure is advantageous as it allows for minimally-invasive delivery 
and ensures that the device will substantially conform to the surrounding anatomical 
structure when implanted. The annular wave element 2900 can be formed from one 
25 or more elongated resilient members and defines a lumen along its central axis 
formed between two open ends. 

The disclosed anchor, e.g., compliant wave anchor 502, can be manufactured 
from a resilient metal such as a heat-treated spring steel, stainless steel, or from an 
alloy such as NiTi alloy commonly referred to as Nitinol. Other alloys include 
30 nickel-cobalt-chromium-molybdenum alloys possessing a unique combination of 
ultrahigh tensile strength, such as MP35N. Additionally, the anchor can be formed 
from a polymer and/or a composite having similar properties. The anchor can be 
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manufactured from a single strand, such as a wire, contoured into the desired shape. 
Alternatively, the disclosed anchor can be manufactured from multi-strands of the 
same or different materials similarly contoured to the desired shape. In some 
embodiments, the wave anchor 502 can be cut into the wave shape from tubular 
5 stock of the desired material, such as NitinoL 

An advantage of the disclosed anchors is the ability to form an anchor having 
a appropriate radial force values over a very long range of diameters in contrast to 
mesh-type stents and stents cut from Nitinol tubing ( 4< Mesh stent" "Laser cut 1" and 
Laser cut 2" in FIG. 1C). The disclosed anchors operate over a longer range of 
1 0 diameters in contrast to the mesh type stents, and have appropriate radial force and 
spring rate values to secure the anchors, in contrast to the wave type anchors. 

In various embodiments, the anchor includes attaching means adapted to 
secure the anchor to the intestine. The attaching means can include an interference 
fit, chemical fasteners, mechanical fasteners, or the like. For example, the anchor 
15 can be attached to the surrounding anatomy using an interference fit provided by the 
relative size of the anchor in relation to the surrounding anatomy. Alternatively or in 
addition, the anchor can be attached to the surrounding anatomy using chemical 
fasteners, such as surgical adhesives. Mechanical fasteners can include, for example, 
sutures, surgical staples, barbs, or the like. In some embodiments, the mechanical 
20 fasteners can be dissolvable, dissolving after a predetermined time and allowing the 
device to pass naturally. Mechanical fasteners can include barbs that extend from the 
exterior surface of the anchor for anchoring the proximal portion of the sleeve to the 
muscular tissue of the surrounding anatomy. The barbs may be bi-directional for 
anchoring the proximal portion of the flexible sleeve to the intestine. Typically, the 
25 barbs are bi-directional and are aligned with the peristaltic axis of the 

gastrointestinal tract, i.e., some barbs are pointed in the direction of forward 
peristalsis to secure the anchor against forward motion through the gastrointestinal 
tract, and some barbs are pointed opposite the direction of forward peristalsis, to 
secure the anchor against reverse motion in the gastrointestinal tract. Typically, the 
30 barbs secure the anchor to muscular tissue of the intestine. In various embodiments, 
the barbs extend from the surface exterior surface of the anchor by about 2 mm or 
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greater. In various embodiments, the method includes securing the proximal portion 
of the sleeve to the intestine in the subject with the barbs. 

FIG. 6 is a perspective view of a gastrointestinal implant device 600 
according to the principles of the present invention showing attaching means as 

5 barbs 608. The gastrointestinal implant device 600 includes an elongated, open- 
ended, unsupported flexible sleeve or tube 604 having a first proximal opening 606 
and a second distal opening 608. Within the sleeve 604 is a passageway that extends 
from the first proximal opening 606 to the second distal opening 608 for 
transporting the chyme exiting the stomach 102 (FIG. 1). The surface of the 

10 passageway (the interior surface of the implant device 600) is smooth to enable the 
chyme to easily pass through. The exterior surface of the implant device 600 is 
smooth to prevent tissue in-growth and to be non-irritating to the bowel. 

Within the implant device 600 at the proximal end including the first 
proximal opening 606 is a collapsible self-expanding anchor 602 in the form of a 

1 5 stent (e.g., an embodiment of anchor 200 in FIG 2A-2D). The anchor 602 can 

include a plurality of opposed barbs 608 for anchoring the implant device 600 to the 
muscular tissue of the duodenum 104. The diameter of the anchor 602 is dependent 
on the diameter of the duodenum 104 (FIG. 1) about 1.0" to 2.5" (about 25 mm to 
about 65 mm) based on human anatomy variations. In one embodiment, the length 

20 T of the anchor 602 is selected to reside within the bulbous duodenum 119. The 
length of the anchor 602 typically ranges from about one inch to two inches. 

Further examples of methods and apparatus for implanting the anchors and 
devices of the invention, anti-bucking devices, methods of treatment, details of 
construction of the anchors, sleeves, impregnation of the sleeves with drugs for 

25 treatment of various conditions, and the like are provided in Meade et al U.S. Utility 
Application Ser. No. 10/858,851, filed June 1, 2004; Levine, et al, Atty. Docket No.: 
3588.1010-000: U.S. Provisional Patent Application Serial No.: 60/611,038; filed: 
September 17, 2004; Levine, et al, Atty. Docket No.: 3588.1012-000: U.S. 
Provisional Patent Application Serial No.: 60/645,296; filed: January 19, 2005; and 

30 DiCesare, et al Atty. Docket No.: 3588.1013-000: U.S. Provisional Patent 

Application Serial No.: 60/645,287, filed: January 19, 2005. The entire teachings of 
these documents are incorporated herein by reference. 
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While this invention has been particularly shown and described with 
references to preferred embodiments thereof, it will be understood by those skilled 
in the art that various changes in form and details may be made therein without 
departing from the scope of the invention encompassed by the appended claims. 
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CLAIMS 



What is claimed is:' 



5 1. A collapsible gastrointestinal anchor, characterized by a radial force of about 
0.1 Newtons (N) or greater at a diameter of 25 millimeters (mm). 



2. A collapsible gastrointestinal anchor, characterized by an average spring rate 
of about 1 3 Newtons/meter (N/m) or greater in a range of motion of about 20 
1 0 mm or greater, the range of motion being within a diameter range defined by 

a relaxed diameter and a compressive elastic deformation diameter. 



3. A collapsible gastrointestinal anchor, characterized by a radial force of about 
0. 1 Newtons (N) or greater over a range of motion of about 20 mm or 
15 greater, the range of motion being within a diameter range defined by a 

relaxed diameter and a compressive elastic deformation diameter. 



4. A gastrointestinal implant device comprising: 

a flexible sleeve, open at both ends and adapted to extend into a 
20 subject's intestine; and 

a collapsible gastrointestinal anchor, coupled to a proximal portion of 
the sleeve and characterized by a radial force of about 0.1 
Newtons (N) or greater at a compressed diameter of 25 
millimeters (mm). 

25 

5. A gastrointestinal implant device comprising: 

a flexible sleeve, open at both ends and adapted to extend into a 

subject's intestine; and 
a collapsible gastrointestinal anchor, coupled to a proximal portion of 
30 the sleeve and characterized by an average spring rate of 

about 13 Newtons/meter (N/m) or greater in a range of motion 
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of about 20 mm or greater, the range of motion being within a 
diameter range defined by a relaxed diameter and a 
compressive elastic deformation diameter. 

5 6. A gastrointestinal implant device comprising: 

a flexible sleeve, open at both ends and adapted to extend into a 

subject's intestine; and 
a collapsible gastrointestinal anchor, coupled to a proximal portion of 
the sleeve and characterized by a radial force of about 0. 1 
Newtons (N) or greater over a range of motion of about 20 
mm or greater, the range of motion being within a diameter 
range defined by a relaxed diameter and a compressive elastic 
deformation diameter. . 

A method of treating a subject, comprising the steps of: 

securing a gastrointestinal implant device within a subject's intestine, 
the device including a flexible sleeve, open at both ends and 
adapted to extend into the subject's intestine; and a collapsible 
gastrointestinal anchor, coupled to a proximal portion of the 
sleeve and characterized by a radial force of about 0.1 
Newtons (N) or greater at a compressed diameter of 25 
millimeters (mm); and 
extending the distal end of the sleeve into the subject's intestine. 

25 8. The method of Claim 7, wherein the subject is obese. 

9. The method of Claim 7, wherein the subject has Type-II diabetes. 



15 7. 



20 



30 



10. 



The method of Claim 7, the anchor including barbs, further comprising 
securing the proximal portion of the sleeve to the subject's intestine with the 
barbs. 
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1 1 . The method of Claim 7, further comprising: 

introducing the gastrointestinal implant device into the subject's 

intestine, the anchor being compressed to within about 12 mm 
in diameter; and 

5 expanding the compressed anchor to secure the gastrointestinal 

implant device within the subject's intestine, 
the anchor being characterized by a compressive elastic deformation 
diameter of about 12 mm or less. 

10 12. A method of treating a subject, comprising the steps of: 

securing a gastrointestinal implant device within a subject's intestine, 
the device including a flexible sleeve, open at both ends and 
adapted to extend into the subject's intestine; and a collapsible 
gastrointestinal anchor, coupled to a proximal portion of the 

1 5 sleeve and characterized by an average spring rate of about 1 3 

Newtons/meter (N/m) or greater in a range of motion of about 
20 mm or greater, the range of motion being within a diameter 
range defined by a relaxed diameter and a compressive elastic 
deformation diameter; and 

20 extending the distal end of the sleeve into the subject's intestine. 

13. A method of treating a subject, comprising the steps of: 

securing a gastrointestinal implant device within a subject's intestine, 
the device including a flexible sleeve, open at both ends and 
25 adapted to extend into the subject's intestine; and a collapsible 

gastrointestinal anchor, coupled to a proximal portion of the 
sleeve and characterized by a radial force of about 0.1 
Newtons (N) or greater over a range of motion of about 20 
mm or greater, the range of motion being within a diameter 
30 range defined by a relaxed diameter and a compressive elastic 

deformation diameter; and 
extending the distal end of the sleeve into the subject's intestine. 
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14. A collapsible gastrointestinal anchor comprising a wave spring having a 
plurality of barbs extending therefrom, the wave spring being characterized 

5 by: 

a relaxed diameter of about 40 millimeters (mm) or greater; 

a compressive elastic deformation diameter of about 12 mm or less; 

an average spring rate of about 13 Newtons/meter (N/m) or greater 

over a range of motion of about 20 mm or greater, the range 
10 of motion being within a diameter range defined by the 

relaxed diameter and the compressive elastic deformation 

diameter; and 

a radial force under compression, the radial force being about 0, 1 

Newtons (N) or greater at a diameter of 25 mm, and the radial 
1 5 force being about 0. 1 N or greater over the range of motion, 

the spring rate and the radial force being measured while unloading 
the spring. 

15. A gastrointestinal implant device comprising: 

20 a flexible sleeve, open at both ends and adapted to extend into a 

subject's intestine; and 
a collapsible gastrointestinal anchor coupled to a proximal portion of 
the sleeve, the anchor comprising a wave spring having a 
plurality of barbs extending therefrom, 
25 the wave spring being characterized by a relaxed diameter of about 40 

millimeters (mm) or greater; a compressive elastic deformation 
diameter of about 12 mm or less; an average spring rate of about 13 
Newtons/meter (N/m) or greater over a range of motion of about 20 
mm or greater, the range of motion being within a diameter range 
30 defined by the relaxed diameter and the compressive elastic 

deformation diameter, and a radial force under compression, the 
radial force being about 0.1 Newtons (N) or greater at a diameter of 
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25 mm, and the radial force being about 0.1 N or greater over the 
range of motion, 

the spring rate and the radial forces being measured while unloading 
the spring. 

5 

1 6. A method of treating a subject, comprising the steps of: 

securing a gastrointestinal implant device within a subject's intestine, 
the device including a flexible sleeve, the sleeve open at both 
ends and adapted to extend into the subject's intestine, and a 
1 0 collapsible gastrointestinal anchor coupled to a proximal 

portion of the sleeve, the anchor comprising a wave spring 
having a plurality of barbs extending therefrom; and 
extending the distal end of the sleeve into the subject's intestine, 
the wave spring being characterized by a relaxed diameter of about 40 
15 millimeters (mm) or greater; a compressive elastic deformation 

diameter of about 12 mm or less; an average spring rate of about 13 
Newtons/meter (N/m) or greater over a range of motion of about 20 
mm or greater, the range of motion being within a diameter range 
defined by the relaxed diameter and the compressive elastic 
20 deformation diameter; and a radial force under compression, the 

radial force being about 0. 1 Newtons (N) or greater at a diameter of 
25 mm, and the radial force being about 0. 1 N or greater over the 
range of motion, 

the spring rate and the radial forces being measured while unloading the 
25 spring. 



17. A gastrointestinal implant device, comprising: 
a flexible sleeve; and 

collapsible anchor means for providing substantially constant force 
30 against gastrointestinal tissue over a range of motion 

occurring between a relaxed diameter of about 40 mm or 
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greater and a compressive elastic deformation diameter of the 
anchor. 



1 8 . The anchor, gastrointestinal implant device, or method of any of the 
5 preceding claims, wherein the anchor has a relaxed diameter of about 40 mm 

or greater. 



19. The anchor, gastrointestinal implant device, or method of any of the 

preceding claims, wherein the anchor has a relaxed diameter of about 45 mm 
10 or greater. 



20. The anchor, gastrointestinal implant device, or method of any of the 
preceding claims, wherein the anchor is characterized by a radial force of 
about .1 Newtons (N) or greater over a range of motion of about 20 mm or 

1 5 greater, the range of motion being within a diameter range defined by a 

relaxed diameter and a compressive elastic deformation diameter. 

21. The anchor, gastrointestinal implant device, or method of any of the 
preceding claims, wherein the anchor has a radial force of about 1 Newton 

20 (N) during loading at a diameter of 25 mm. 



22. The anchor, gastrointestinal implant device, or method of any of the 
preceding claims, wherein the flexible sleeve length is equal to or greater 
than twelve inches. 

25 

23. The anchor, gastrointestinal implant device, or method of any of the 
preceding claims, wherein the anchor exhibits significant hysteresis. 



24. 

30 



The anchor, gastrointestinal implant device, or method of any of the 
preceding claims, wherein the anchor is made of Nitinol. 
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25. The anchor, gastrointestinal implant device, or method of claim 23, wherein 
the anchor exhibits a radial force difference of about 0.4 N between loading 
and unloading at a diameter of about 25 mm. 

5 26. The anchor, gastrointestinal implant device, or method of any of the 

preceding claims, wherein the anchor length is between about one and two 
inches. 

27. The anchor, gastrointestinal implant device, or method of any of the 

1 0 preceding claims, wherein the radial force at 25 mm is about 0.3 N or 

greater. 

28. The anchor, gastrointestinal implant device, or method of any of the 
preceding claims, wherein the anchor further comprises barbs. 

15 

29. The anchor, gastrointestinal implant device, or method of any of the 
preceding claims, wherein the anchor is characterized by a compressive 
elastic deformation diameter of about 12 mm or less. 

20 30. The anchor or gastrointestinal implant device of claims 1 , 3, 4, or 6 wherein 
the radial force is measured while unloading the anchor from a compressed 
state. 

3 1 . The anchor, gastrointestinal implant device, or method of any of the 
25 preceding claims, wherein the average value of the spring rate is between 

about 15 N/m and about 35 N/m. 



30 



32. 



The anchor, gastrointestinal implant device, or method of any of the 
preceding claims, wherein the range of motion is about 30 mm or greater. 
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